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Abstract 
 
The work presents test results of microhardness of surface layer of HS 6-5-2 high-speed steel from areas overlapping remelting. The 
surface layer of the steel was remelted using the GTAW method. The microhardness was measured using the Vickers method. The work 
shows that the area, where the heat influence zone of the second remelting overlapping on the first remelting zone is characterizes by the 
microhardness lower about approx. 200 HV0,065. 
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1. Introduction 
 
On of the method of high-speed steel strengthening where the 
refinement of structure is important is partial melting of surface 
layer of steel. These remelting can be obtained using the heat of 
electric arc with the use of GTAW method. In some cases it is 
necessary to strengthen larger areas of tools blade the overlapping 
of remelting is used. As a result of heat effect of subsequently 
overlapped  remelting,  areas  which  characterizes  by  lower 
microhardness  are  formed.  The  point  of  this  work  was 
determining of areas, which characterizes by lower microhardness 
and giving results of such condition. 
 
 
 
 
2. Material and test methodology 
 
The test material was the HS 6-5-2 high-speed steel in annealed 
condition. The surface layer of the steel was remelted using the GTAW 
method. The  samples  were  remelted  with  the  electric  arc  using 
a FALTIG 315AC/DC apparatus (parameters: current 100A, rate 
of  scanning  200 mm/min)  and  argon  as  the  plasma  gas.  The 
processing  was  conducted  in  the  Founding  and  Welding 
Department of University of Technology in Rzeszow. 
Microhardeness  measures  were  performed  with  the  use  of 
Vickers method using Hanemann microhardness tester, with the 
application of 65 g load and with 30 s as the time of load. The test 
material was earlier pickled by a solution 5%HNO3 in C2H5OH to 
uncover  the  structure,  then  the  indentations  by  the  Hanemann 
microhardness were made, and on the basis of impressions photos 
from  SEM  microscope  calculations  of  microhardness  were 
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Fig 2. The results of microhardness measurements of surface layer  
of HS6-5-2 steel in the area of overlapping remelting, executed using 
GTAW method. The 1-7 numbers present microstructures  
of indentations corresponding to given indications on microhardness 
diagram; R1 – the first remelting, R2 – the second remelting,  
HIZ2 – the heat influence zone
1 of the second remelting 
 
 
 
 
 
 
                                                            
1  In  this  work  the  heat  influence  zone  refers  to  area  with  a temperature  lower  than  liquidus.  Remelting  zone  refers  to  area  with 
a temperature higher than liquidus 
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Fig 3. Results of microhardness measures of surface layer  
of HS6-5-2 steel in the area of heat influence zone of the second 
remelting (HIZ2) overlapping on the first remelting zone (R1). 
The 3-7 numbers present microstructures of impressions 
corresponding to given indications on a diagram  
of microhardness; 
A – the area, where the temperature was higher than solidus. 
Carbides crystallizing from a liquid or new-formed eutectic in the 
area of HIZ2 overlapping on R1 
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3. Results 
 
Surface layer of HS6-5-2 steel was remelted by electric arc 
using  approx.  40%  of  tracks  overlapping.  A  measurement  of 
microhardness  conducted  on  the  0,1  mm  depth  from  material 
surface (fig 1). Microhardness measures were not performed on 
the surface, as because it required grinding, therefore to avoid this 
procedure  the  measurements  were  conducted  in  the  above 
mentioned way. 
 
Fig.1. A diagram of remelting surface layer of steel by electric arc 
obtained by the use of GTAW method. Broken line indicates 
a track assigned in the distance of 0,1 mm from the surface. On 
the track the indentations were made every in the distance 
0,1 mm; R1 – first remelting, R2 – second remelting, HIZ1 – the 
heat influence zone of the first remelting, HIZ2 – the heat 
influence zone of second remelting 
 
The point of test was determining the microhardness of steel 
surface  layer  in  the  area  of  overlapping  remelting  executed  by 
GTAW method. In connection with the following there was the 
need  to  answer  the  questions:  if  remelted  steel  surface  layer 
characterizes by similar  microhardness value and if in areas of 
overlapping  remelting  occur  the  decreases  of  microhardness 
value; if occur decreases of microhardness value there must be 
pointed areas and the reason of its occurrence.  
Measures  results  of  microhardness  of  steel  surface  layer 
performed out according to directives as on fig. 1 presented on the 
diagram located on fig. 2. On the figure located microstructures of 
indentations corresponding to given indications on a diagram of 
microhardness. Previous tests of the author did not give unique 
answer on the question if the decrease of microhardness in the 
area of common part of the first (R1) and second remelting (R2) 
took place or also in the area of heat influence zone of the second 
remelting  (HIZ2)  overlapping  on  first  remelting  (R1).  Results 
which are here situated give the answer on the question. On the 
diagram located on fig. 2 the decrease of microhardness value of 
surface  layer  of  remelted  HS  6-5-2  steel  with  approx. 
800HV0,065 to approx. 600HV0,065 can be observed in the area 
of HIZ2 overlapping on R1 zone. Measuring near the surface it is 
the  area  by  the  0,9  mm  width,  which  characterizes  by  lower 
microhardness. Undoubtedly, the presence of such area  will be 
adverse  phenomenon  which  decreases  the  life  of  elements 
dependent  from  this  type  the  processing.  The  decrease  of 
microhardness which is present in the area of HIZ2 overlapping 
on R1 zone, the microstructures 3, 4 located on fig. 3 explain the 
phenomenon. On the basis of these microstructures can state that 
in the intercellular space, where the eutectic was present, dark-
etched  area  occurred,  which  is  presented  on  photos  3,  4  and 
weakly  visible  on  photos  5-7  on  fig.  3.  The  dark-etched  area 
present in the HIZ2 overlapping on  R1, where the temperature 
was  higher  than  solidus  (as  states  literature  the  temperature 
approx. 20 
0C above solidus [1]), this are probably MC carbides 
crystallizing  from  the  liquid  or  new-formed  eutectic  [2]. 
Additionally, the temperature lower than solidus and higher than 
560
0C  (recommended  tempering  temperature)  in  the  area  HIZ2 
overlapping  on  R1  had  exerted  undoubtedly  adverse  effect  on 
structural elements inside cells. The martensite too high tempered 
was formed, which is characterized lower hardness. 
 
 
4. Conclusions 
 
Strengthening of larger areas of surface layer of tool blades 
made  of  HS  6-5-2  steel  is  connected  with  heat  impact 
subsequently overlapping remelting. The width near to surface on 
the  approx.  0,9  mm  area  of  heat  influence  zone  of  second 
remelting  overlapping  on  the  first  remelting  characterizes  by 
microhardness lower about approx. 200 HV0,065. The reason of 
such condition is the fact that in the area of heat influence zone of 
second  remelting  overlapping  on  first  remelting,  where  the 
temperature  was  higher  than  solidus  the  eutectic  undergone 
significant  transformation.  Additionally,  in  the  area,  where  the 
temperature  was  lower  than  solidus  and  higher  than  560
0C 
(recommended  tempering  temperature)  inside  of  cells  and 
dendritic  cells  the  martensite  which  is  too  high  tempered  was 
formed which characterizes by lower hardness. 
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